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Fig. 1. The schematic diagram of the effects of inhibitors on protease
activation and cartilage degradation. Legend: The broad MMP inhibitor.
GM6001, almost completely inhibited the activation of Pro-ADAMTS-4.
Pro-MMP and cartilage breakdown. Surprisingly, tissue inhibitor of met-
alloproteinase (TIMP) -3 didn’t affect the activities of aggrecanases. But, it
blocked the activation of Pro-MMP-9, but not Pro-MMP-13, and inhibited
the release of MMP-derived aggrecan fragment. However, it induced an
increased release of CTX-II, the reason of which is unclear. Furin-like
proprotein convertase inhibitor (PCi) dramatically lowered the level of
active ADAMTS-4 and aggrecanase-mediated degradation, but oppositely
induced a huge release of active ADAMTS-5 to compensate the loss of
ADAMTS-4. PCi also increased the conversion of latent MMP-13 to active
form and the release of AGNxII. Blockade of cysteine proteases by E64
increased the level of active ADAMTS-4 and the release of type II collagen
fragment. Inhibition of serine proteases by Aprotinin prevented TNF-a and
OSM stimulated cartilage destruction through blocking the activation of
Pro-ADAMTS-4 and Pro-MMP13. Inhibition of aspartic protease by pep-
statin A had increased the level of active form of ADAMTS-4 and MMP-13
and the damage to type II collagen.
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S172The level of O-GlcNAcylation, OGT and O-GlcNAcase expression was
assessed by western-blot employing speciﬁc antibodies.
Results: The amount of O-GlcNAcylated proteins was increased in
HOC 24 h after stimulation with different doses of IL-1a (1, 10 and
100 ng/ml), showing the highest accumulation with 10 ng/ml. This
concentration was chosen for stimulation of HOC during different
periods of time (3, 6, and 24 h). The increase in O-GlcNAc proteins
amount showed a peak of induction at 6 h. This accumulation occurs
especially in proteins between 50 to 150 KDa therefore showing a
similar O-GlcNAcylated proteins pattern to that observed in OA
cartilage. We also observed an increased expression of the three OGT
isoforms, nucleo-cytoplasmic (ncOGT), mitochondrial (mOGT) and
small (sOGT) in HOC as early as 3 h, although the peak of induction
was at 6 h. Three isoforms were increased in a similar grade,
without prevalence of sOGT as found in OA cartilage. IL-1a also
increased the presence of both OGA isoforms, long (OGA-L) and
short (OGA-S) after 3 and 6 h of stimuli. A clear prevalence of long
isoform was found along IL-1a stimulation whereas OGA-S had the
highest prevalence in OA cartilage.
Conclusions: To our knowledge, this is ﬁrst evidence of procatabolic
cytokines involvement in O-GlcNAc modiﬁcations. IL-1a can induce
accumulation of O-GlcNAc proteins in human OA chondrocytes.
Although both regulatory enzymes of this modiﬁcation, OGT and OGA,
are also increased with IL-1a stimulation, characteristic distribution of
the different isoforms in OA cartilage was not reached. IL-1a is in part
responsible of a dysregulation in the O-GlcNAc proteins modiﬁcation
during OA although other processes must be involved.
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THE EFFECT OF PROTEASE INHIBITORS ON THE INDCUTION OF
OSTEOARTHRITIS-RELATED BIOMARKERS IN BOVINE FULL-DEPTH
CARTILAGE EXPLANTS
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A.C. Bay-Jensen y. yNordic BioSci., Herlev, Denmark; zNordic BioSci.
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Purpose: The speciﬁc protease degradation of aggrecan and type II
collagen in the cartilage matrix is a critical step in pathology of
osteoarthritis(OA). Several proteases are involved in the degradation
of the matrix proteins,amongst those are the important matrix
metalloproteinase (MMP)-9 , -13 and aggrecanase-1 and -2
(ADAMTS-4 and -5). The aim of the study was to gain better
understanding on the proteolytical proﬁle and sequence of events of
cartilage degradation by measuring the level of activated MMPs and
ADAMTS, as well as their speciﬁc degradation products of aggrecan
and type II collagen in the conditioned medium of a well described
cartilage explants model. Furthermore, the changes of proﬁle in
response to various types of broad spectrum protease inhibitors in
explants were monitored.
Methods: Bovine full-depth cartilage explants stimulated withTumor
Necrosis Factor alpha (TNF-a) and Oncostatin M (OSM) were cultured
for 21days with or without a number of inhibitors targeting different
types of proteases. Monoclonal antibodies were raised against the
active sites of ADAMTS-4, -5, MMP-9 and -13, and 4 ELISAs were
developed and technically validated. These, as well as AGNx1 (frag-
ments of ADAMTS degraded aggrecan), AGNxII (fragments of MMP
degraded aggrecan), and CTX-II (MMP-derived type II collagen frag-
ments) were quantiﬁed in the conditioned medium of the explants
cultures.
Results: In summary, we found that i) no proteolytical activity was
induced by medium alone; ii) the release of active ADAMTS-4 started at
day 14 and peaked at day 21, whereas no active ADAMTS-5 was
measured in the supernatant throughout stimulation of TNF-a and
OSM. Both active MMP-9 and -13 were released from day 17 and peaked
at day 21; iii) ADAMTS-mediated aggrecan degradation fragment
release peaked at day 10, returning to background level at day 19. In
contrast, the MMP fragments AGNxII and CTX-II peaked at the late stage
of stimulation; iv) The different effects of various inhibitors on the level
of aggrecanases, MMPs and cartilage breakdown have been observed
(illustrated in Fig.1).
Conclusions: The activation of proteases is a key point in cartilage
degradation, which is regulated in a complicated and integratedcascade process. The compensatory mechanisms could be triggered
following the blockade of one enzyme. This study suggests that this
model and measurement of biomarkers can be a useful tool to clarify
the mechanism of action of compounds and speed up the process of
selective protease inhibitor discovery.290
ALTERED ION CHANNEL FUNCTION IN AN IN VITRO MODEL OF
INFLAMMATORY ARTHRITIS
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Purpose: Chondrocytes possess a complex complement of membrane
ion channels, transporters and receptors, which have been shown to
have a range of functions within these cells; including maintenance of
membrane potential and cell volume regulation. Various transcript
studies have identiﬁed changes in ion channel gene expression with
osteoarthritis (OA), including aquaporin channels and calcium-selective
TRP channels. In vitro studies have shown that pro-inﬂammatory
cytokines can induce signiﬁcant chondrocyte apoptosis, one of the
hallmarks of OA. The aim of this study was to examine the function of
aquaporins and calcium-selective ion channels in healthy and cytokine-
stimulated cells.
Methods: Healthy cartilage was obtained from the stiﬂe and elbow
joints of young, skeletally mature bull terrier type dogs, euthanized for
unrelated veterinary reasons (aged2-3years; weight 12-15kg). Chon-
drocytes were isolated overnight at 37C using a 0.1% collagenase II
solution. The cell suspension was ﬁltered and washed before being
seeded into culture ﬂasks and cultured until conﬂuence was reached
(37C, 21% O2). Once cultures were established cells were split into two
groups: healthy control (standard DMEM supplemented with 2% pen-
icillin-streptomycin, 1% fungizone and 10% foetal calf serum) or
stimulated cells (DMEM as above plus TNFa and IL-1b both at 10ng/ml).
Chondroyctes were cytokine-stimulated for up to one week. Cells were
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489 S173used in experiments up to the 2nd passage. Two experimental protocols
were used: a membrane water permeability assay and measurement of
intracellular calcium using Fura-2AM.
Results: Using an established permeability assay, whereby a hypotonic
solution is applied to the cells and cell volume recorded, aquaporin
permeability was measured. In healthy cells permeability was found to
be 313x104cm.s (n ¼ 5). Stimulated cells did not show a signiﬁcant
change in aquaporin permeability (n ¼ 12). Calcium measurements
showed that healthy cells responded to the same hypotonic challenge
with an intracellular calcium increase of 11515nM (n ¼ 16). This cal-
cium increase was inhibited by the TRP channel antagonist, PYR3 (n ¼
69). When applied to cells from the in vitro model of arthritis the same
osmotic challenge caused a signiﬁcantly greater calcium increase of
32845nM (n ¼ 11; p0.01).
Conclusions: We have investigated changes to two ion channels in
healthy chondrocytes and those from an in vitro model of arthritis.
Aquaporin function appeared unchanged in our cytokine arthritis
model, possibly suggesting that this change in gene expression occurs
as a result of OA, rather than contributing to OA development. Previous
work has shown that intracellular calcium increases greater than
:300nM can lead to cell apoptosis and therefore the changes we observe
here could implicate important pathological changes in cytokine-
stimulated chondrocytes. Further work is necessary to identify the
exact mechanism by which this calcium increase occurs.
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ENVIRONMENTAL POLLUTANTS AND OSTEOARTHRITIS: EFFECTS OF
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a. Purpose: Non-dioxin-like polychlorinated biphenyls (PCBs) are
persistent organic pollutants that accumulate in fatty tissues causing
immune suppression and endocrine disruption. Several studies sug-
gest that PCBs may be involved in pathogenesis of osteoarthritis
(OA). Alterations in the mechanisms of programmed cell death
(apoptosis) are strongly related to the degradation of extracellular
matrix (ECM) in the cartilage of OA subjects. Identiﬁcation of
apoptosis inducers is of paramount relevance to understand the
pathogenesis and/or progression of OA. Thus, the aim of the present
study was to assess the effect of several PCBs on chondrocytes
viability and apoptosis induction.
b. Methods: The murine chondrogenic cell line ATDC5 and human
juvenile costal chondrocyte cell line T/C-28a2 were treated with several
doses of PCB 101, 153 and 180, alone and in combination. Cell viability
was examined using a colorimetric assay based on the MTT labeling
reagent. Apoptosis was evaluated by Annexin V ﬂow cytometric assay
and by the involvement of apoptotic related proteins, such as caspase-3
and Bcl-2/Bax ratio, using western blot analysis. Finally, to evaluate
whether PCBs exert necrotic effect, apart from apoptosis pathways, we
have also assessed lactate dehydrogenase (LDH) levels in culture
supernatants.
c. Results: ATDC5 and T/C-28a2 cell lines treated with PCBs, alone and
in combination, showed a signiﬁcant reduction of cell viability rate in a
concentration-dependent manner. Neither synergisms nor additive
effects were observed on cell viability with the combined treatment.
Data from annexin V assays suggested that PCBs clearly induced
apoptotic pathways, as well as, a certain rate of necrosis. Actually, this
effect was conﬁrmed by evaluating LDH levels that were strongly
increased in supernatants of PCBs-treated cells, suggesting that necrotic
mechanisms are at play too. PCBs also induced caspase-3 activation by
increasing its proteolytic cleavage in a concentration-dependent man-
ner. Finally, the Bcl2/Bax ratio was also altered.
d. Conclusions: The viability of murine and human chondrocytes
was reduced in presence of PCBs. The activity of PCBs on cell via-
bility is likely to be mediated by alterations in the mechanisms of
regulation of apoptosis and necrosis. Overall, this work highlights a
novel role of environmental pollutants in the pathophysiology of
chondrocytes.292
IL-1b MEDIATES MMP SECRETION AND IL-1B NEOSYNTHESIS VIA
UPREGULATION OF P22PHOX AND NOX4 ACTIVITY IN HUMAN
ARTICULAR CHONDROCYTES
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Purpose: Osteoarthritis (OA), the most common form of arthritis,
results from the destabilization of the normal balance between the
synthesis and the degradation pathways controlled by chondrocyte.
That leads to a progressive degeneration of articular cartilage and
subsequently to an alteration of the biochemical and biomechanical
properties of the joint. Inﬂammation plays a major role in OA, partic-
ularly through the cytokine Interleukine-1b, promoting Reactive Oxy-
gen Species (ROS) generation and Matrix Metalloproteinases (MMP)
synthesis by the chondrocytes, which in turn orchestrate matrix pro-
teolysis and catabolism. Nox4 belongs to the NADPH oxidase family
whose function is to generate ROS. Nox4 associated with its stabilizing
subunit p22phox is constitutively active. Given the critical role of oxi-
dative stress in degenerative processes and in particular in OA, we
assessed the role of NADPH oxidases in primary human articular
chondrocytes (HAC) upon IL-1b stimulation.
Methods: Human articular chondrocytes (HAC) were isolated from
femoral head of patients undergoing hip replacement. Production of
ROS by Nox4 was measured by Amplex Red Assay. Effects of IL-1b on
chondrocytes production of MMP-1, MMP-13, ADAMTS4, and IL-1b
neosynthesis were assessed by quantitative RT-PCR and immunoblot-
ting, in presence or not of Nox4 inhibitors.
Results: Our work demonstrates for the ﬁrst time that Nox4 is
expressed in HAC with p22phox and is a major source of ROS upon IL-1b
treatment. Moreover, results show that ROS produced by Nox4 are
critical mediators of IL-1b induced MMP-1, MMP-13 and ADAMTS4
synthesis and release. Interestingly, Nox4 activity inhibition by the
Heme Oxygenase-1 (HO-1), the rate limiting step in heme catabolism,
but also by pharmacological inhibitors (DPI or GKT) led to a signiﬁcant
decrease in MMP synthesis by HAC. It has been shown that IL-1b acts in
an autocrine / paracrine manner leading to its own neosynthesis by
HAC. Our results demonstrate the involvement of Nox4 in this autocrine
loop and suggest that IL-1b stabilizes Nox4 expression/activity through
an upregulation of p22phox in HAC and that upregulation of p22phox
expression appears to be redox regulated in chondrocytes.
Conclusions: Finally, our data support a signiﬁcant role for Nox4/
p22phox in human articular chondrocytes mediating pro-catabolic
pathways induced by IL-1b.
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EFFECTS OF PROSTAGLANDIN E2 ON SUPEROXIDE DISMUTASE GENE
EXPRESSION IN CHONDROCYTE
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Inﬂammation is part of the complex biological response of tissues
characterized by a cascade of biochemical events that propagates the
inﬂammatory response where Prostaglandin and Superoxide Dis-
mutase seems to be an important part of the key. Although Osteo-
arthritis is known as a degenerative disease, secondary inﬂammation
may play an important role in the tissular changes that occurs in this
disease. Chondrocyte is able to synthetize and react to most of inter-
mediate of inﬂammatory agents. Prostaglandin may be overproduced in
20 fold by chondrocytes. Reactive oxygen species (ROS) are implicated
in cellular inﬂammatory response, and Superoxide dismutase are a class
of enzymes that catalyze the dismutation of superoxide into oxygen and
hydrogen peroxide; they are important antioxidant and antiimm-
ﬂamatory defense in nearly all cells.
Purpose: The aims of this study was to further characterize the effects
of Prostaglandin E2 on gene expression of Superoxide Dismutase (SOD)
in bovine chondrocyte and ATDC-5 culture cells and determine their
inﬂuence on inﬂammatory process in cartilage destruction.
Methods: After establishing the best conditions for cell culture, pro-
liferation, toxicity and transfection, second step; the expression of SOD
promoter constructs was analyzed in Bovine Chondrocytes and ATDC-5
cell. Brieﬂy, cells were collected by centrifugation, resuspended in
serum-free DMEM media, and then transfected with ExGen 500, a
